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(54) Chill vent for die casting moulds 

(57) A chill vent made of copper or copper alloy has 
a concave section and a convex section, each being 
subjected to removal of flat parting portions on both side 
surfaces, and a gas exhaust passage is formed over the 
entire width region. These gas exhaust passage por- 
tions have side surfaces and back surfaces which are 
enclosed in hard U-shaped guide frames. It is possible 
to effectively avoid occurrence of leakage or flashing of 
molten metal due to a plastic deformation of the chill 
vent by a mold fastening force applied upon assembly of 
a die-casting mold, which may occur when a copper or 
copper alloy having a superior cooling property as the 
material for chill vent. 
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Description 

Background of the Invention 
5 1 . Field of the Invention 

[0001] A permanent mold for die-casting light metals, such as aluminum alloy, zinc alloy, magnesium alloy and the 
like, is associated with a chill vent as means which functions when charging a molten metal into the mold cavity, for effi- 
ciently exhausting residual air and/or gas from inside to outside of the cavity, without spouting the molten metal or form- 
10 ing flashing. 

[0002] The present invention relates to a chill vent used as gas exhausting means upon die-casting such light metals 
and specifically aims to improve the cooling efficiency of non-solidified molten metal entering into the chill vent to effi- 
ciently achieve an accelerated solidification. 

15 2. Description of the Related Art 

[0003] When air and/or gas is left in the cavity of the permanent mold at the time of die-casting, the air or gas tends 
to be dragged into the molten metal so as to cause gas holes and the like defects in the products and thereby degrade 
the product quality. 

20 [0004] Therefore, as shown in Fig. 1 , it is a conventional practice to provide a permanent mold with a chill vent 3 hav- 
ing a gas exhaust passage 2 which is communicated with the cavity 1 for pressure-casting a product, so that gas 
remaining in the cavity 1 can be discharged. In Fig. 1, reference numeral 4 designates a die casting permanent mold, 
and 5 a plunger for forcing out the molten metal. 

[0005] In this instance, as shown in Fig. 1, the gas exhaust passage 2 is generally shaped in a zigzag-manner to 
25 ensure that, after the gas has been exhausted outside the chill vent, the molten metal is chilled in the passage 2 before 
it is flashed outside the permanent mold. 

[0006] However, since the molten metal flows under a high-pressure condition, it is difficult to completely prevent the 
flashing of the molten metal even if the length of the passage 2 is increased by the zigzag shape. 
[0007] In order to prevent flashing of molten metal with an improved reliability, it was considered necessary for the 
30 zigzag-shaped gas exhaust passage 2 to have a narrow gap d, or adopt a relatively steep angle 0 of the zigzag-shape 
(waveform). 

[0008] However, a narrow gap d causes the sectional area of the gas exhaust passage 2 to be decreased, while a 
steep angle 0 causes the gas exhaust resistance to be increased. In any case, the gas exhaust efficiency is lowered 
and it becomes impossible to prevent formation of gas hole defects in the product. 
35 [0009] Further, when the length L of the chill vent is increased, flashing of the molten metal can be prevented without 
narrowing the gap d of the zigzag-shaped gas exhaust passage 2 or adopting a steep angle e of the zigzag-shape. 
However, such a measure results in increased size of the chill vent and difficulties for meeting with recent requirement 
for small-sized devices. 

[0010] There have been proposed various types of chill vents which are capable of efficiently exhausting internal 
40 residual gas and preventing flashing of the molten metal, without increasing the size of the chill vent. 

[001 1] However, these proposals are still accompanied by problems that the structure becomes complicated and/or 
large-scaled auxiliary devices are required. 

[0012] That is, in the former case, with reference to the basic structure such as that shown in Fig. 2, an elaborated 
arrangement is required such as a composite structure of telescopic elements for the chill vent, which causes the entire 

45 chill vent to be complicated in shape and/or structure. 

[001 3] Further, in the latter case, with reference to a representative arrangement such as that shown in Fig. 3, it is 
necessary to arrange a gas suction device adjacent to the chill vent in order to further improve the gas exhaust effi- 
ciency. In this instance, although the size of the chill vent itself is not increased, the entire facility including the auxiliary 
devices is necessarily increased in size and troublesome and costly to manufacture. 

so [0014] In order to solve the above-mentioned problems, the inventors already made a proposal in Japanese Patent 
Application No. 9-57,572 wherein a chill vent is formed of a copper alloy having a superior thermal conductivity, and 
wherein a cooling pipe is provided adjacent to a zigzag-shaped gas exhaust passage (Fig. 4). 

[0015] In this instance, it is possible to realize an improved cooling property of non -solidified molten metals entering 
into the chill vent, to thereby effectively prevent flashing of the molten metal without complicating the structure or 
55 increasing the size of the chill vent, with the size and shape maintained unchanged as before. 

[0016] However, use of copper or copper alloy as the material for chill vent resulted in a new problem as explained 
below. 

[001 7] That is to say, in order to allow assembly of the permanent mold, the parting surfaces are designed such that 
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the parting surface of the chill vent is 1/100 to 5/100 mm higher than the parting surface of the cavity mold. 

[0018] Furthermore, when the permanent mold is assembled, a fastening force of typically several tons to 2,500 tons 

is applied depending upon the scale of die casting machine. 

[001 9] Conventionally, even when assembly of permanent mold is performed under the above-mentioned conditions, 
5 there had been raised no particular problem since both cavity mold and chill vent were made of SKD61 or the like hav- 
ing a high coefficient of elasticity. When, however, a chill vent is made of copper or copper alloy having a low coefficient 
of elasticity, the chill vent is subjected to a plastic deformation by the applied fastening force. On the other hand, the 
cavity mold is applied with the fastening force subsequently to the chill vent and undergoes an elastic deformation since 
it is made of a material having a high coefficient of elasticity. 
10 [0020] As a result, after die casting has been completed and the fastening force removed, only the parting surface of 
the chill vent is slightly depressed as compared to its peripheral portions, and this may cause leakage or flashing of mol- 
ten metal. 

Disclosure of the Invention 

15 

[0021] The present invention has been accomplished in order to advantageously eliminate the above-mentioned 
problems. Thus, it is an object of the present invention to provide a chill vent which is made of copper or copper alloy 
having a superior cooling property, and which is yet capable of preventing deformation of the chill vent due to the fas- 
tening force applied upon assembly of the permanent mold, to thereby avoid leakage or flashing of molten metal. 
20 [0022] The inventor conducted thorough studies and investigations on the behavior of deformation of the chill vent 
when a fastening force is applied, and arrived at recognition and findings as follows. 

(1) The fastening force is applied only to flat parting portions on both side surfaces of the chill vent. 

(2) Therefore, by eliminating such flat parting portions, the fastening force is not applied to the chill vent and is born 
25 by the cavity mold which is made of steel so that the plastic deformation of the chill vent can be avoided. 

(3) Furthermore, the plastic deformation of the chill vent can also be avoided by a guide frame which is made of 
steel having a hardness similar to that of the cavity mold, and which is fitted over the outer peripheral portion of the 
chill vent. 

30 [0023] The present invention is based on the above-mentioned recognition and findings. 

[0024] The present invention thus provides a chill vent comprising a zigzag-shaped gas exhaust passage which is 
formed at parting surfaces of a concave section and a convex section, and communicated with a cavity of a die casting 
permanent mold, wherein the concave section and the convex section of the chill vent are respectively formed with the 
gas exhaust passage over entire width regions thereof, and wherein the concave section and the convex section are 

35 made of copper or copper alloy, respectively. 

[0025] According to a preferred embodiment of the present invention, each of the concave section and said convex 
section of the chill vent has both side surfaces and a back surface adjacent to the gas exhaust passage, wherein these 
surfaces are enclosed by a U-shaped hard guide frame. 

[0026] In this instance, the U-shaped guide frame is advantageously made of SKD61 (JIS G4404, ASTM H13). 
40 [0027] According to a preferred embodiment of the present invention, the chill vent has a main body for the gas 
exhaust passage which is made of a copper alloy including Be: 0.15 to 2.0 mass%, at least one composition selected 
from a group of Ni: 1 .0 to 6.0 mass% and Co: 0.1 to 0.6 mass%, the balance being Cu and unavoidable impurities. 
[0028] Such copper alloy may further include one or two compositions selected from a group of Al: 0.2 to 2.0 mass% 
and Mg: 0.2 to 0.7 mass%. 

45 

Brief Description of the Drawings 
[0029] 

50 Fig. 1 is a view showing the structure of a general chill vent together with a mold; 

Fig. 2 is a view showing the structure of a conventional chill vent with a complicated arrangement of divided tele- 
scopic elements; 

Fig. 3 is a view showing the structure of another conventional chill vent with a number of auxiliary devices; 
Fig. 4 is a view showing a construction of a chill vent which is provided with cooling pipes; 
55 Fig. 5 is a view showing a concave shape of a conventional chill vent; 
Fig. 6 is a view showing a convex shape of a conventional chill vent; 
Fig. 7 is a view showing a concave shape of a chill vent according to the present invention; 
Fig. 8 is a view showing a concave shape of a chill vent according to the present invention; 
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Fig. 9 is a view showing a concave shape of a chill vent according to another embodiment of the present invention; 
and 

Fig. 10 is a view showing a concave shape of a chill vent according to the same embodiment of the present inven- 
tion. 

5 

Best Mode for Carrying Out the Invention 

[0030] The present invention will be more fully explained below, with reference to the accompanying drawings. 
[0031] There are shown in Figs. 5 and 6 the shapes of concave section 2a and convex section 2b of a conventional 
10 chill vent made of a copper alloy. In these figures, (a) are plan views, (b) are sectional views and (c) are bottom views. 
[0032] In these figures, cross-hatched regions correspond to those portions which have been subjected to a plastic 
deformation due to a mold fastening force. 

[0033] As shown in these figures, it is only flat parting regions on both sides of the chill vent, which undergo plastic 
deformation due to the mold fastening force. 
15 [0034] Thus, as shown in Figs. 7 and 8, the flat parting regions conventionally applied with the mold fastening force 
have been removed, such that the mold fastening force are now born by steel cavity regions on both side of the chill 
vent. As a result, it was made possible to completely avoid plastic deformation of the chill vent and effectively prevent 
leakage or flashing of molten metal. 

[0035] Furthermore, as shown in Figs. 9 and 10, the concave section and convex section of the chill vent have been 
20 fitted with U-shaped steel guide frames 8a, 8b having a hardness which is substantially the same as that of the cavity 
portion, so as to enclose both side surfaces and back surfaces of gas exhaust passage portions 7a, 7b. In this instance, 
the mold fastening force is born by the U-shaped steel guide frames 8a, 8b, making it possible to completely avoid plas- 
tic deformation of the chill vent and effectively prevent leakage or flashing of molten metal. 

[0036] With such an arrangement, the cavity portion and the guide frames are made of the same material, so that the 
25 control of fitting tolerance becomes easier as compared to the embodiment shown in Fig. 6. 

[0037] In the above-mentioned complex-type chill vent, from the viewpoint of preservation of the gas exhaust passage 
despite application of a high mold fastening force, it is preferred that the U-shaped guide frames have a thickness which 
is approximately 5-30 mm. 

[0038] Incidentally, the copper alloy chill vent and the steel guide frames are fixedly connected to each other by bolts 
30 or the like, under appropriate clearance determined in consideration of temperature increase during use. Also, the con- 
trol of fitting tolerance between the copper alloy chill vent and the cavity portion, or between the guide frames and the 
cavity portion, is within the level of ordinary skill in the art, and there should be no difficulties in this respect. 
[0039] According to the present invention, the gas exhaust passage portion can be suitably made of copper, and var- 
ious copper alloys, such as beryllium-copper alloy, chromium-copper alloy, brass, bronze, phosphorous bronze, alumi- 
35 num-bronze alloy, and Corson alloy. Specifically, an advantageous material comprises a copper alloy including Be: 0. 1 5 
to 2.0 mass%, at least one composition selected from a group of Ni: 1 .0 to 6.0 mass% and Co: 0.1 to 0.6 mass%, the 
balance being Cu and unavoidable impurities. Optionally, the copper alloy may further include one or two compositions 
selected from a group of Al: 0.2 to 2.0 mass% and Mg: 0.2 to 0.7 mass%. 

[0040] This is because the alloy composition explained above serves to realize a material which is suitable for chill 
40 vent, having a Rockwell hardness HRB of not less than 90, and a thermal conductivity of not less than 80 W/m • K, and 
which is not readily dissolved by light metal alloys. 

[0041] In such copper alloy, the contents of the components are limited to the above-mentioned ranges, respectively, 
for the grounds as follows. 

45 Be: 0.15 to 2.0 mass% 

[0042] Be is useful to form a NiBe or CoBe compound by being bonded with Ni or Co, which effectively contributes to 
the improvement in strength, hence, hardness of the material, and also useful to form an oxide film. If Be is added by 
an amount less than 0.15 mass%, the effect of its addition is not significant. On the other hand, if the content of Be is 
so more than 2.0 mass%, a further improvement in strength is not expected and the addition becomes disadvantageous 
in term of cost consideration. Therefore, it is preferred that Be is added in the range of 0.15 to 2.0 mass%. 

Ni: 1.0 to 6.0 mass% 

55 [0043] Ni is useful to form a NiBe or Ni 3 AI compound by being bonded with Be or Al, which effectively contributes to 
the improvement in strength, hence, hardness of the material, and also useful to form an oxide film. If Ni is added by an 
amount less than 1 .0 mass%, the effect of its addition is not significant. On the other hand, if the content of Ni is more 
than 6.0 mass%, the melting point of the alloy is increased and welding repair works become difficult. Therefore, it is 
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preferred that Ni is added in the range of 1 .0 to 6.0 mass%. 
Co: 0.1 to0.6mass% 

s [0044] Co is useful to form a CoBe compound by being bonded with Be, as is the case with Ni, which effectively con- 
tributes to the improvement in strength of the material. If Co is added by an amount less than 0.1 mass%, the effect of 
its addition is not significant. On the other hand, if the content of Co is more than 0.6 mass%, the manufacturing prop- 
erties (hot workability) when manufacturing the copper alloy is degraded. Therefore, it is preferred that Co is added in 
the range of 0.1 to 0.6 mass%. 

10 

Al: 0.2 to 2.0 mass% 

[0045] Al is useful to form a Ni 3 AI compound by being bonded with Ni, which effectively contributes to the improve- 
ment in strength, and is also useful to form an oxide film and adjust the thermal conductivity. If Al is added by an amount 
15 less than 0.2 mass%, the effect of its addition is not significant. On the other hand, if the content of Al is more than 2.0 
mass%, the thermal conductivity becomes too low. Therefore, it is preferred that Al is added in the range of 0.2 to 2.0 
mass%. 

Ma: 0.2 to 0.7 mass% 

20 

[0046] Mg is useful to improve the hardness and form an oxide film. If Mg is added by an amount less than 0.2 mass%, 
the effect of its addition is not significant. On the other hand, if the content of Mg is more than 0.7 mass%, the manu- 
facturing property (castability) when manufacturing the copper alloy is degraded. Therefore, it is preferred that Mg is 
added in the range of 0.2 to 0.7 mass%. 

25 [0047] From the above considerations, the copper alloy which is not less than 90 in Rockwell hardness HRB and not 
less than 30 W/m • K in thermal conductivity is prepared by adding to copper an appropriate amount of elements having 
a strong oxidization property, such as Be, Ni, Co, Al, Mg. By using the above copper alloy as a material for chill vent, it 
is possible to obtain a die casting chill vent which is capable of effectively exhausting air and gasses outside the mold 
without being dissolved by light metal alloys, and of effectively chilling the non-solidified molten metal before flashing of 

30 the molten metal occurs. 

[0048] On the other hand, as for the U-shaped guide frames, any material can be used provided that it is as hard as 
the cavity portion. However, a preferred material is SKD61 . 

Examples 

35 

[0049] There have been prepared chill vents each having a concave section and a convex section of conventional 
shapes shown in Figs. 5 and 6 explained above, with a copper alloy having an HRC hardness of 20 (HRB: approxi- 
mately 98) and a thermal conductivity of 200 W/m • K, and with SKD61 (HRC: approximately 45, thermal conductivity: 
35 W/m • K). These chill vents were used in a 2,500-ton die casting machine to perform casting of aluminum alloy 
40 (equivalent to ADC 12). 

[0050] In this instance, the chill vents were made to have parting surfaces which are 2/1 00 mm higher than those for 
the cavity portions. 

[0051] Similarly, there have been prepared a chill vent according to the first embodiment, having a concave section 
and a convex section of the shapes shown in Figs. 7 and 8, respectively, and anther chill vent according to the second 
45 embodiment, having a concave section and a convex section of the shapes shown in Figs. 9 and 10, respectively, to 
perform casting with the same machine. 

[0052] In either case, the gas exhaust passage portion is made of the same copper material (Be: 2.0 mass%, Ni: 1 .5 
mass%, Co: 0.5 mass%, Mg: 0.5 mass%, the balance:Cu, HRC hardness: 20, thermal conductivity: 200 W/m • K), as 
that explained above, and the U-shaped guide frames are made of the same SKD61 (HRC: approximately 45, thermal 
50 conductivity: 35 W/m • K) to have a thickness of 1 0 mm. 

[0053] These chill vents were assembled into a permanent mold which is capable of simultaneously casting three 
products, and arranged such that comparison and evaluation can be made at the same time as casting is performed 
under the same conditions. 

[0054] The results of the comparison and evaluation are shown in Table 1 . 

55 
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[0055] As can be appreciated from Table 1 , by using the chill vent according to the present invention, the chilled height 
can be reduced nearly by half, as compared to conventional steel chill vent, proper chill vent functions can be achieved 
without causing seizure of solidified slag, and occurrence of leakage or flashing of molten metal can be avoided even 
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under a fastening force of the die-casting machine of 2500-ton class. 
Industrial Susceptibility 

5 [0056] As described above, according to the present invention, it is possible to avoid occurrence of leakage or flashing 
of molten metal due to a plastic deformation of the chill vent, which may occur when a copper or copper alloy having a 
low coefficient of elasticity is used as the material for chill vent. 

[0057] A chill vent made of copper or copper alloy has a concave section and a convex section, each being subjected 
to removal of flat parting portions on both side surfaces, and a gas exhaust passage is formed over the entire width 
10 region. These gas exhaust passage portions have side surfaces and back surfaces which are enclosed in hard U- 
shaped guide frames. It is possible to effectively avoid occurrence of leakage or flashing of molten metal due to a plastic 
deformation of the chill vent by a mold fastening force applied upon assembly of a die-casting mold, which may occur 
when a copper or copper alloy having a superior cooling property as the material for chill vent. 

is Claims 

1 . A chill vent comprising a zigzag-shaped gas exhaust passage which is formed at parting surfaces of a concave sec- 
tion and a convex section, and communicated with a cavity of a die casting permanent mold, characterized in that 
said concave section and said convex section of said chill vent are respectively formed with said gas exhaust pas- 

20 sage over entire width regions thereof, and said concave section and said convex section are made of copper or 
copper alloy, respectively. 

2. A chill vent according to claim 1 , characterized in that each of said concave section and said convex section of said 
chill vent has both side surfaces and a back surface adjacent to a portion of said gas exhaust passage, said sur- 

25 faces being enclosed by a U-shaped hard guide frame. 

3. A chill vent according to claim 2, characterized in that said U-shaped guide frame is made of SKD61. 

4. A chill vent according to claim 1 or 2, characterized in that said chill vent has a passage portion made of a copper 
30 alloy which includes Be: 0.15 to 2.0 mass%, at least one composition selected from a group of Ni: 1 .0 to 6.0 mass% 

and Co: 0.1 to 0.6 mass%, the balance being Cu and unavoidable impurities. 

5. A chill vent according to claim 4, characterized in that said copper alloy as a material of said chill vent further 
includes one or two compositions selected from a group of Al: 0.2 to 2.0 mass% and Mg: 0.2 to 0.7 mass%. 

35 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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FIG.5(a) FIG.5(b) 




FIG.5(c) 
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FIG.6(a) FIG.6(b) 




FIG.6(c) 
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FIG.7(a) F 16.7(b) 
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FIG.9(a) FIG.9(b) 
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